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PROCESS AND SYSTEM FOR I.ASER CRYSTALLIZAriQN PROCESSING 
OF FILM REGIONS ON A SUBSTRATE TO M INIMIZ E EDGE AREAS, AND 
' STRUCTURE OF SUCi* FILM REGIONS 



SPECIFICATION 



5 RELATED APPLICATION 

This application claizns priority to United States Provisional 
Application No. 60/405,085, which was filed on August 19, 20O2, and is incorporated 
by reference. 

NOTICE OF GOVERNMENT RIGHTS 

10 The U.S. Government may have certain rights in this invention 

pursuant to the terms of the Defense Advanced Research Project Agency award 
number N66001-98-1-8913. 

FIELD OF THE INVENTION 

The present invention relates to techniques for prrocessing of thin fihns, 
1 5 and more particularly to techniques for processing semiconductor thin films to reduce 
non-uniform edge areas of the crystallized regions of the thin film so that at least an 
active region of an electronic devices, such as a thin-film transistor ("TFT"), can be 
placed away from such non-uniform edge areas, 

BACKGROUND OF THE INVEINTION 

20 Semiconductor films, such as silicon fihns, are kmown to be used for 

providing pixels for liquid crystal display devices and organic light emitting diode 
displays. Such fihns have previously been processed (i.e., irradiated by an excimer 
laser and then crystalUzed) via excimer laser annealing ("ELA") methods. However, 
the semiconductor films processed xising such known ELA mettiods often suffer from 

25 microstmctural non-uniformities sixch as edge effects, which manifest themselves in 
availing a non-uniform performance of thin-film transistor ("TFT") devices fabricated 
on such films. 
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Such non-uniformity in edge regions is particularly problematic in that 
the visiial transitions between the neighboring pixels corresponding to tti.e irradiated 
and crystallized areas of the semiconductor thin film on the liquid crystaJ displays 
("LCDs") or organic Light emitting diode displays are not as smooth as could be 
5 desired, and may even, be visible in certain cases, which is undesired. Tlxis is also 
because the edge effects promote a low performance in TFT devices whose active 
regions are provided thereon. 

Signifi.cant efforts have been made into the refinement of" 
"conventional" ELA ^also known as line-beam ELA) processes in the attempt to 

1 0 reduce or eliminate non-uniformities on the crystallized areas of the semJconductor 

thin film. For example, U.S. Patent No. 5,766,S89 issued to Maegawa et: al., the entire 
disclosure of which is incorporated herein in its entirety by reference, describes the 
ELA methods for forming polycrystalline thin £lm and a method for faboicating a 
thin-film transistor. This publication attempts to address the problem or non- 

1 5 miiformity of characteristics across the substrate, and provide certain options for 
apparently suppressing such non-unifonnities. However, details of previous 
approaches make it Lnapossible to completely eliminate the non-uniformities that are 
introduced firom the edge areas (which are typically between lOOpm to L ,000p.m or 
higher). Thus, the cross sectional area of tiie portions of the semiconductor thin film 

20 on which the TFT devices could be placed woixld be significantly reduced due to siuch 
disadvantageous edge effects causing large non.-xmifonn edge areas whioh border 
these portions. 

For example, one such conventional ELA process iises a Hong and 
narrow shaped beam 800 as shown in Figs. 1 1 A and 1 IB. The fluence of this beam 

25 800 is above a melting level in a center portion 810 thereof, while side aareas 820 of 

this beam 800 have a fluence that is gradually ireduced at the edges ther&of. The width 
of the center portion 8 10 of the beam 800 may "be 1cm and the length thereof may be 
30cm. In this manner, the beam can potentially irradiate the entire semic^onductor thin 
film during one pass a.cross it. As shown in Fig- 1 IB, portions 830 of the side areas 

30 820 of flie beam 800 can be provided between tiie melting level and the crystallization 
threshold. Thus, when the beam 800 irradiates particular portions of the 
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semiconductor thin film which is then crystallized, such portions would likely have an 
edge regions in thus irradiated and crystallized areas of the semiconductor thin Sim 
that are likely to have large non-uniform edge regions spatially corresponding to the 
portions 830 of the beam 800. The edge regions are kaown to he disadvantageous for 
5 placing the TFT devices (and especially their* active regions) thereon. 

Attempts have been made to eliminate the edge effect (i.e., non- 
uniformity of the edge areas) of the irradiateci and crystallized portions of the 
semiconductor fihn. U.S. Patent No. 5,591,668 issued to Maegawa et al. tries to 
mininiize these edge areas by using a substantially square shaped beams (rotated 45" 
lO and having rounded peaks) that sequentially overlap one another using a, laser 

annealing method. However, such conventional procedxire would require multiple 
irradiation by the beam pulses of the same areas, and the processing of ttie 
semiconductor film would be somewhat slow. 

Accordingly, it is preferable to irradiate and crystallize at least some of 
1 5 the areas of the semiconductor films by passiaig the beam pulses throughL a mask in a 
way so as to eliminate the problem caused by such edge effect by clearly defining the 
profile of the beam pulse. It is preferable to significantly reduce the spatial scale 
associated with the edge region so as to make it possible to have such regions be 
provided away from the active regions of the TFT devices. In addition, multiple 
20 irradiations of the same area on the semiconductor film would therefore zno longer be 
necessary. 

SUMMARY OF THE INVENTION 

Therefore, one of the objects of the present invention is to provide an 
improved process and system which can make the edge regions of the carystallized 

25 areas of the semiconductor thin film relatively small (e.g., one such region can be 
smaller than the distance between the adjacent TFT devices). Thus, it is i?ossible to 
place the active regions of the TFT devices om the semiconductor thin fiLm away firom 
these edge regions. Another object of the present invention is to increase the speed to 
process the semiconductor films for their use with the liquid crystal dispHays and/or 

30 organic light emitting diode displays. Still an.other object of the present i s to have a 
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capability for utilizing various fluences of the beam pulse for irradi ating the areas of 
the semiconductor thin film, so long as such fluence induces a cryst:allization of the 
irradiated areas of the semiconductor thixi film. 

lo accordance with at least some of these objectives as well as others 
5 that will become apparent with reference to the following specification, it has now 
been determined, that the reduction the size of the edge regions of thie irradiated and 
crystallized areas of the semiconductor thin film is advantageous to reduce the edge 
effect. It was also ascertained that the grains provided in the edge r-egions of such 
areas are different firom the grains of the areas that are arrangement^ e.g., between two 
10 oppositely-spaced edge regions of the semiconductor thin film. Further, it was 

determined that the use of the two-dimensional mask to pass the beam pulse there 
through configured the profile of the resultant masked beam pulse to be well defined, 
thus decreasing or eliminating the portion of the beam pulse which anay have a 
gradually-reducing fluence level that may cause the undesired edge effect. 

15 In one exemplary embodiment of the present invention, a process and 

system for processing a semiconductor ttiin film sample are provided. In particular, a • 
beam generator can be controlled to emit at least one beam pxilse. Tlie beam pulse is 
then masked to produce at least one masked beam pulse, which is used to irradiate at 
least one portion of the semiconductor thin film sample. With the at least one masked 

20 beam pulse, the portion of the film sample is irradiated with sufficient intensity for 
such portion to later crystallize. This portion of the film sample is allowed to 
crystallize so as to be composed of a fu-st area and a second area. tJpon the 
crystallization tlxereof, the first area inclixdes a first set of grains, and the second area 
includes a second set of grains whose at least one characteristic is different from at 

25 least one characteristic of the second set of grains. The first area surrounds the second 
area, and is configured to allow an active region of a thin-film transistor ("TFT") to be 
provided at a distance therefi^om. 

Irx another embodiment of the present invention, the xnasked beam 
pulse can have ttie intensity sufficient to completely melt the irradia-ted portion of the 
30 semiconductor than film sample throughout its thickness (or partiall3^ melt such 
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portion). Thie active region of the TFT can be situated within the second area. The 
second area may correspond to at least one pixel. The second area has a cross-section 
for facilitating thereon all portions of the TFT. A size and a position of the first area 
with respect to the second area are provided such that tiie first aorea provides either no 
5 effect or a negligible effect on a performance of the TFT. 

According to still anotlier embodiment of the present invention, a 
location of the first area can be determined so as to avoid a placement of the active 
region of th.e TFT thereon. The beam pulse may include a plurality of beamlets, and 
the first and. second areas can be inradiated by the beamlets. The semiconductor thin 
10 fihn sample may be a silicon the film sample. The semiconductor thin can be 
composed of at least one of siUcon aixd germanium, and may ha.ve a thickness 
approxunately between lOOA and 10,OOOA. The first set of graiais provided in the first 
area may be laterally-grown grains. 

According yet another embodiment of the present invention, a 
15 semiconductor thin film sample inclxxdes at least one section irradiated by at least one 
masked beam pulse which is configured to irradiate the at least one section of the 
sample for a later crystallization thereof. The irradiated portion of the fihn sample is 
crystallized, to include a first area and a second area. Upon the orystalUzation thereof, 
the first area includes a first set of grains, and the second area includes a second set of 
20 grains whose at least one characteristic is different firom at least one characteristic of 
the second set of grains. The first area surrounds the second area, and is configured to 
allow an active region of a thin-fihn transistor ("TFT") to be provided at a distance 
therefirom. 

25 The accompanying drawings, which are incorpoxated and constitute 

part of this disclosure, illustrate a preferred embodiment of the invention and serve to 
explain the principles of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 A is a schematic block diagram of an exemplary embodiment of 
an irradiation system according to the present invention wtiich irradiates particular 
areas of a semiconductor tiiin filxn of a sample such tiiat these areas have a relatively 
small edge regions; 

5 Fig. IB is an enlarged cross-sectional side view of the sample whichi 

includes the semiconductor thin film; 

Fig. 2 is a top exploded view of an exemplaxy embodiment of the 
sample conceptually subdivided, and having a semiconductor thin filin thereon on 
which a. process according to the present invention is perfoxmed for the entire surfa-ce 
10 area a semiconductor thin film using the exemplary systenx of Fig. 1 A; 

Fig. 3 is a top view of a first exemplary embodiment of a mask 
according to the present invention which has a beam-bloclcing area sxuTOunding on& 
open or transparent area, and which can be used with the exemplary system of Fig. 1 A 
to mask: the beam pulses generated by a laser beam source into a pattemed beam 
15 pxdse, such that such masked beam pulses irradiate the particular areas on the 

semiconductor film thereby redu^cing the edge regions prov^ided at the peripheries of 
such areas; 

Figs. 4A-4D are irradiations, by the radiation beam pulse which is 
masked by the mask of Fig. 3, and then re-solidifications and crystaUizations of the 
20 particular portions of the semiconductor film provided on the sample for an first 
exemplary conceptual column of the sample at various seqxiential stages of the 
exemplary embodiment accordirxg to the process of the present invention in which "the 
edge rejgions of the particular portions are significantly red"uced; 

Figs. 4E-4F are irradiations, by the radiation beam pulse which is 
25 masked by the mask of Fig. 3, and then re-soUdifications and crystallizations of the 
particular portions of the semiconductor film provided on Izhe sample for an second, 
exemplary conceptual colxmm of the sample at two exemplary sequential stages of ihe 
processing according to the process of the present inventioxi, which continue from the 
first conceptual colxmm of Figs. 4A-4D; 
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Fig. 5 A is a top view of a secx)nd exenrplary embodiment of the oaask 
accoirding to the present invention which has a beam-blocking area surromiding 
multiple small open or transparent areas or slits, and which can be used with the 
exenaplary system of Fig. lA to mask the beam pxilses generated by a beam source 
into pattemed beamlets, such that such masked beamLet pulses irradiate the parti<^ular 
areas on the semiconductor film whose edge regions are signijBlcantly reduced; 

Fig. 5B is an enlarged view of the beamlets of the second embodianent 
of the mask illustrated in Fig. 5 A; 

Figs. 6A-6D are irradiations, by flie raciiation beam pulse intensit3^ 
pattern which is masked by the mask of Fig. 5, and then re-solidifications and 
crystallizations of the particular portions of the semiconductor film provided on "the 
sample for the first conceptual column of the sample at various sequential stages of 
the fixst exemplary embodiment of the exemplary embodiment according to the 
process of the present invention; 

Fig. 7 is an illustration of the semiconductor thin film provided on the 
sample, and such thin film being irradiated by the beaxn pulse having a cross-section 
that is pattemed by a mask having a beam-blocking area surrounding one long and 
narrow open or transparent area, and which can be used with the exemplary system of 
Fig. LA; 

Fig. 8A is an illustration of the two particular areas irradiated, re- 
soUdified and crystalhzed areas corresponding to the areas of Figs. 4D and 6D iix 
whicti the edge regions of each, of these areas are provided away firom the entire TFT 
device; 

Fig. 8B is an illustration of the two particular areas irradiated, re- 
solidified and crystallized areas corresponding to the axeas of Figs. 4D and 6D in- 
whicbL the edge regions of these two areas are provided away from tiie entire cross- 
section of the active region of the TFT device, while other regions are provided on 
such edge regions; 

Fig. 9 is a flow diagram representing an exemplary processing 
procedure of the present inveation xmder at least partda-l control of a computing 
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arrangement of Fig. lA using the exemplary tecboiiques of the present invention of 
Figs. 4A-4F and 6A-6D; 

Fig. 10 is a flow diagram represeixting another exemplary processing 
procedm*e of the present ijivention under at least partial control of a computing 
5 arrangement of Fig. lA using^the exemplary techjiiques of the present invention of 
Figs. 4A-4F and 6A-6D, and in which the beam source of Fig. 1 A is triggered based 
on the positions of the semiconductor film with respect to the impingement of the 
beam; 

Fig. 1 lA is a perspective cut-away view of a profile of a long and 
10 rtarrow beam which is shaped by a projection irradiation using conventional systems 
aoid processes; 

Fig. IIB is a graph of the fluence of the beam of Fig. 1 1 A against the 
' spatial profile of the beam generated by the conventional systems and processes; and 

Fig. 12 is a exemplary graph of the fluence of the beam agaimnst the 
15 spatial profile of the beam generated by the system and process according to the 
present invention which reduces the edge regions of the particular portions of the 
senoiconductor thin film irradiated by such beam. 

DETAILED DESCRIPTION 

It should be understood that vario"ias systems according to the present 
20 invention can be utilized to mask, irradiate and cjrystallize one or more portions on the 
semiconductor (e.g., siUcon) film so as to reduce edge areas of these portioras and to 
place at least an active region of a thin-film tran&istor ("TFT") away firom thie edge 
regions of such portions. The exemplary embodiments of the systems and p^rocess to 
a.chieve such areas as well as of the resulting crystallized senuconductor thi-n fihns 
25 sliall be described in furttxer detail below. Howe-ver, it should be understood that the 
present invention is in no way limited to the exemplary embodiments of th& systems 
processes and semiconductor thin films described herein. 

Ih particular. Fig. 1 A shows a system according to the present 
ixivention which is used on a sample 170 which hias an amorphous silicon thdn film 
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thereof that is being irradiated by masked iiraxliation beam pulses to promote the 
masked irradiation, solidification and crystallization of the particular ar^as of the 
semiconductor thin film in which the edge regions are minimized. The exemplary 
system includes a beam source 110 (e.g., a Lambda Physik model LPXI-S 1 51 XeCl 
5 pulsed excimer laser) emitting an irradiation beam (e.g., a laser beam), a controllable 
beam energy density modulator 120 for moddfying the energy density o:f the laser 
beam, a MicroLas two plate variable attenuat;or 130, beam steering minrors 140, 143, 
147, 160 and 162, beam expanding and collimating lenses 141 and 142, a beam 
homogenizer 144, a condenser lens 145, a field lens 148, a projection nrask 150 which 

1 0 may be mounted in a translating stage (not stiown), a 4x-6x eye piece L 61, a 

controllable shutter 152, a multi-element objective lens 163 for focusing a radiation 
beam pulse 164 onto the sample 170 having "the semiconductor thin film to be 
processed mounted on a sample translation stage 180, a granite block optical bench 
190 supported on a vibration isolation and self-leveling system 191, 192, 193 and 194, 

15 and a computing arrarxgement 100 (e.g., a general purpose computer executing a 

program according to the present invention ox a special-purpose computer) coupled to 
control the beam source 1 10, the beam energ3^ density modulator 120, thi.e variable 
attenuator 130, the shutter 152 and the sample translation stage 180. 

The sample translation stage L 80 is preferably controlled by the 
20 computing arrangement 100 to effectuate translations of the sample 170 in the planar 
X-Y directions, as well as in the Z direction. In this manner, the computing 
arrangement 1 00 controls the relative position of the sample 40 with resj^ect to the 
irradiation beam pulse 164. The repetition and the energy density of the^ irradiation 
beam pulse 164 are also controlled by the cormputer 100. It should be uraderstood by 
25 those skilled in the art that instead of the beaon source 110 (e.g., the pulsed excimer 
laser), the irradiation beam pulse can be genearated by another known source of short 
energy pulses suitable for completely melting throughout their entire thickness 
selected areas of the semiconductor (e.g., silicon) thin fihn of the samples 170 in flie 
manner described herein below. Such known, source can be a pulsed solid state laser, 
30 a chopped continuous* Avave laser, a pulsed electron beam and a pulsed ion beam, etc. 
Typically, the radiation beam pulses generated by the beam source 1 10 provide a 
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beam intensity ixi the range of 10 mJ/cm^ to 1 J/cm^ (e.g., SOOmJ/cm^) a pulse duration 
(FWHM) in the range of 10 to 103 nsec, and a pulse repetition rate in the range of 10 
Hz to 104 Hz. 

While the computing arrangement 100, in the exemplary embodiment 
5 of the system slxown in Fig. lA, controls -translations of the sample 170 via the sample 
stage 180 for carrying out the processing of the semiconductor thin film of the sample 
170 according to the present invention, tlxe computing arrangement 100 may also be 
adapted to control the translations of the mask 150 and/or the beanx soxurce 110 
mounted in an appropriate mask/laser beam translation stage (not sliown for the 

10 simplicity of the depiction) to shift the intensity pattem of the irradiation beam pulses 
164, with respect to the semiconductor thin fikn of the sample 170, along a controlled 
beam path. Another possible way to shift: the intensity pattem of thie irradiation beam 
pulse is to have the computer 100 control a beam steering mirror. The exemplary 
system of Fig. 1 may be used to carry out the processing of the silioon thin film of the 

1 5 sample 170 in tine manner described belo^ in finilier detail. It should also be 

understood that it is possible to exclude Ubie mask 1 SO from the system according to 
the present invention. Without such mask 150, the beam source 110, the energy 
density modulator, the beam attenuator and/or other components o jE* the system of the 
present invention can be used to shape the beam 149 so as to impioLge and irradiate 

20 selected portions of the semiconductor thin film of the sample 170. 

As illustrated in Fig. IB, the semiconductor thin film 175 of the sample 
170 can be directly situated on e.g., a glass substrate 172, and may be provided on one 
or more intermediate layers 177 there between. The semiconductox thin film 175 can 
have a thickness between lOOA and 10,0O0A (l|im) so long as at least certain 

25 necessary areas thereof can be completel^r melted throughout their entire thickness. 
According to an exemplary embodimmt of the present inventioa. Hie semiconductor 
thin film 175 can be composed of silicon.-, germanium, silicon gemxanium (SeGe) all 
of which preferably having low levels of impurities. It is also possible to utilize other 
elements or semiconductor materials for -the semiconductor thin film 175. The 

30 intermediary la^^er 177, which is situated irmnediately underneath the semiconductor 
thin film 175, can be composed of silicon oxide (Si02), silicon nitride (Si3N4), and/or 
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mixtures of oxide, nitride or other materials that are suitable for promoting nucleatioa 
and small grain growth within the designated areas of the semiconductor thin film 175 
of the sample 170. The temperature of the glass substrate 172 can be between room 
temperature and 800'*C. Higher temperatures of the glass substrate 172 can be 
5 accomplished by preheating the substrate 172 which would effectively allow larger 
grains to be grown in the nucleated, re-solidified, and then crystallized areas of the 
semiconductor thin fihn 175 of the sample 170 due to the proximity of the glass 
substrate 172 to the thin film 175. 

Fig. 2 shows an enlarged view of an exemplary embodiment of the 

10 semiconductor thin fihn 175 (e.g., an amorphous silicon thin film) of the sample 170, 
and the relative translation paths of the beam pxilse 164 with respect to the locations 
on the sample 170. This exemplary sample 170 has exemplary dimensions of 40 cm 
in the Y direction by 30 cm in the X direction. The sample 170 can be conceptually 
subdivided into a number of columns <e.g., a first conceptual coLxuim 205, a second 

1 5 conceptual column 206, a third conceptual column 207, etc.). Tfae location/size of 
each conceptual column may be stored in a storage device of the computing 
arrangement 100, and utilized by the computing 100 for later controlling the 
translation of the sample 170, and/or firing of the beam in by the beam source 1 10 at 
such relative locations of the semiconductor thin fihn 175, or on other locations that 

20 are based on the stored locations. Eacli of the conceptual columns 205, 206, 207, etc. 
is dimensioned, e.g., 14 cm in the Y dixection by 30 cm in the X direction. Thus, if the 
sample 170 is sized 40 cm in the Y direction, the sample 150 ma^^ be conceptually 
subdivided into eighty (80) colimins. The sample 170 may also be conceptually 
subdivided into such columns having other dimensions (e.g., I cm by 30 cm columns, 

25 2 cm by 30 cm columns, 2 cm by 30 cam columns, etc.). In fact, -there is absolutely no 
restrictions on the dimensions of the conceptual colimms of the sample 170 so long as 
the masked beam pulse 164 is capable of irradiating certain areas of the 
semiconductor thin film 175 in such columns to promote crystallization within such 
areas. 

30 In particular, according to the present invention, it is important to 

provide relatively small edges region at the peripheries of these axeas of the film 
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sample 175 so as to allow at least the active region of the TFT device to be placed 
away from these very small edge regioxis. The small size of the edge regions is 
primarily due to the use of the mask 1 5 O to gen^ate a sharp pro file of the beam 111 
as the masked beam pulse 164 The location/dimCTsion of each conceptual column, 
and the locations thereof, are stored m the storage device of the computing 
arrangement 100, and utilized by such oomputing arrangement 3.00 for controlling the 
translation of the translation stage 180 xvith respect to the beam pulse 164 and/or the 
firing of the t>eam 1 1 1 by the beam soiixce 110 at those locations of the semiconductor 
thin film sample, or on other locations. 

For example, the semiconductor thin fihn 175 caai be irradiated by the 
beam pulse 1 64 whose profile is defined using the mask 150 according to a first 
exemplary embodiment of the present ixivention as shown in Fig. 3. The first 
exemplary mask 150 is sized such that its cross-sectional area is larger than that of the 
cross-sectional area of the masked beam pulse 164. In this manxier, the mask 150 can 
pattern the pixlsed beam to have a shape and profile directed by the open or 
transparent regions of the mask 150. Thus can be commonly referred to as a "two- 
dimensional projection", which generally the shape of the beam^ and reduces such 
shape in all directions. Such projection is significantly different from a single axis 
projection wlxich does not utilize a mask, and merely shapes anc3 reduces the beam in 
one direction. Fig. 12 show a preferable profile 850 of the masked beam pulse 1 64 as 
the pulse 149 is passed through the mask 150. This profile 850 is well defined so as to 
minimize the edge regions provided at the. peripheries of the irradiated portions of the 
semiconductor thin film 175, 

In this exemplary embodiment shown in Fig. 3, tChe mask 150 includes 
a beam-blockdng section 155 and an open or transparent section 157. The beam- 
blocking section 155 prevents those areas of the pulsed beam unpiuging such section 
155 firom being irradiated there-throughi, thus preventing the further entering the 
optics of the exemplary system of fee present invention shown Ln Fig. 1 A to irradiate 
the corresponding areas of the SCTdconductor thin film 175 provided on the sample 
170. In contrast, the open or transparent section 157 allows the portion of the beam 
pulse 164 wkose cross-section corresponds to that of the section. 157 to enter the 
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optics of the system according to the present iavention, and irradiate tbe 
corresponding areas of the semiconductor thin film 175. In this manner, the mask 150 
is c£q)able of patterning the beam pulse 164 so as to impinge the semiconductor thin 
film 175 of the sacnple 170 at predetermined portions thereof as shall be described in 
further detail below. 

According to the present invention, the masked beam p-ulse 164 can 
have various energy fluences. For example, suoh fluence of the masked beam pulse 
164 can small, but which promotes an explosiv^e crystallization. The fLxience of the 
beam pulse 1 64 can be higher than the small fluence to promote partiaJ melting of the 
irradiated portions of the semiconductor thin fi.am 175, and then crystallization of such 
portions. In addition, the fluence can be higher than the fluence promoting partial 
melting so as to allow a near-complete melting of the portions of the semiconductor 
thin fihn 175. Furflxermore, the fluence of the masked beam pulse 164 can be high 
enough to completely melt the above-described irradiated portions of tlie thin film 
175. In summary, ttie fluence should be large eaiough to allow the portions of the 
semiconductor thin fihn 175 to crystallize after bemg irradiated by the masked beam 
pulse 164. 

A first exemplary embodiment of the process according to the present 
invention shall now be described with reference to the irradiation of the 
semiconductor thin film 175 of the sample 170 as illustrated in Figs. 4-A-4F. In this 
exemplary process of the present invention, the^ beam pulse 149 is shaped by the 
exemplary mask 150 of Fig. 3, and the exemplary irradiation and/or impingement of 
the semiconductor thin fihn 175 of the sample 170 is shown in Fig. 2. For example, 
the sample 170 may- be translated witti respect t:o the beam pulse 164, either by 
moving the mask 150 or the sample translation stage 180, in order to irradiate 
selective areas of the semiconductor thin film 1 75 of the sample 170. For the 
purposes of the foregoing, the length and width of the laser beam 149 may be greater 
than 1 cm in the X-direction by cm in the Y-direction (e.g., a rectangular shape) so 
that it can be shaped by the mask 150 of Fig. 3. However, it should be understood the 
pulsed laser beam 149 is not limited to such shape and size. Indeed, otlier shapes 
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and/or sizes of the laser beam 149 are, of course, achievable as is Icnown to those 
having ordinary skill in the art (e.g., shapes of a square, triangle, (circle, etc.). 

After the sample 170 is conceptually subdivided hrto columns 205, 
206, 207, etc., a pulsed laser beam 1 11 is activated (by actuating tbe beam source 1 10 
5 using the computing device 100 or by opening the shutter 1 30), and produces the 

pulsed laser beamlets 164 which impinges on a first location 220 which is away fi"om 
the semiconductor thin film 175. Then, the sample 170 is translated and accelerated 
in the forward X direction imder the control of the computing arraaigement 100 to 
reach a predetermined velocity with respect to the fixed position 1> camlets in a first 
10 beam path 225. 

In one exemplary variation of the process of the present invention, the 
pulsed beamlets 164 can reach a first edge 210' of the sample 170 ^^referably when the 
velocity of the movement of the sample 170 with respect to the pu-lsed laser beam 149 
reaches the predetermined velocity. Then, the sample 170 is contioiuoxisly (i.e., 
15 without stopping) translated in the -X direction at the predetermined velocity so that 
the pulsed beamlets 164 continue irradiating successive portions of the sample 170 for 
an entire lengtifci of a second beam path 230. 

After passing the first edge 210', the beam pulse 16-4 impinges and 
irradiates a first area 310 of the semiconductor thin fihn 175, prefejrably with enough 

20 intensity to irradiate such area so that the crystallization thereof is then promoted, as 
illustrated in Fig. 4A. The fluence of the masked beam pulse 164 should preferably be 
large enough to promote crystallization of the irradiated portions of the semiconductor 
thin film 175. Then, as shown in Fig. 4B, this first area 3 1 0 is allowed to crystallize, 
thereby fonniixg two regions therein - a first center region 315 and a first minimized 

25 edge region 318. The first center region 315 is formed after the irradiation of the first 
area 3 1 0 by the masked beam pulse 1 64. The dimensions of this c enter region 3 1 5 are 
slightly smaller that the dimensions of tlxe masked beam pulse 164 irradiating the first 
area 310, with the first center region 315 being surrounded by the first edge region 
318 (the details of which are described herein below). Again, the sdze of the first edge 

30 region 3 18 is minim ized due to the masking of the beam pxilse 14^ to become the 
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masked beam pulse 164 which preferably has the projBle 850 illustrated in Fig. 12. It 
should be note that the characteristics of the grains (e.g., length, orientation, etc.) of 
the &st center area 315 and the clutracteristics of the first edge area 318 are different; 
such differences is one of the maui reasons for the reduction of the edge regions. 

5 The first edge region 318 can formed by laterally growing the grains 

from the borders between the unirradiated portions of the semiconductor thin fihn 175 
and the first irradiated area 310. This is the case when the m^ked beam pulse 164 has 
the fluence to completely melt the first area 3 10. The grains in the first center region 
318 grown firom these borders toward the center of the first melted area for a 

10 predetermined small distance, to reach the first center regionL 315, and form a border 
there between. Of coinse, it should be understood that if the onasked beam pulse 164 
does not have enough intensity to completely melt the first aarea, grains are formed in 
the first edge region in any event. Generally, the grains of thie first center region 315 
are larger than those in the Gist edge region 318. This is preferably because the 

15 intensity of the masked beam pulse 164 is greater in the center thereof than at the 

edges. Tlie predetermined distance is small because the beam pulse 149 is irradiated 
through the mask 149 to form the masked beam pulse 164 wldch does not have large 
gradually decreasing edge portions Ce.g., portions 820 of the conventional beam pulse 
800 as shown in Figs. 1 1 A and 1 IB), and in fact preferable b^as the intensity pattern 

20 850 illustrated in Fig. 12. For example, the predetermined distance can be 1 pm, while 
the width of the first center region may be slightly less than 1 cm.. Therefore, the first 
edge region 3 1 8 is significantly smaller that the first center region 315 which it 
surrounds. For the puiposes of the present invention, it is unLdesirable to position the 
active regions of the TFT devices on such edge regions, so thiat the active regions (and 

25 possibly the entire TFT devices) are placed away firom these edge regions. 

Thereafter, as shown in Fig. 4C, the sample 1^70 is continued to be 
translated Cor the mask 150 is configured to be adjusted) sucti that the beam pulse 164 
irradiates a second area 320 of the semiconductor thin fihn 1 ^5 in the manner 
discussed Ixerein above for the first axea 310. This second area 320 which can be a 
30 subsequent area immediately following the first area 320 in tlie first conceptual 
column 205 along the +X direction. 
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Similarly to the first area 3 10, the second a:x:ea 320 crystallizes into a 
second center region 325 and a second edge region 328, wluch correspond to the 
characteristics and dimensions of the first center region 315 and the first edge region 
318, respectively. If, dining the irradiation of the second area 320 (and in an 
5 exemplary case of complete melting thereof), the masked beam pulse 164 slightly 
overlaps the first edge region 318, then upon crystallizatio^i, the grains in this region 
318 seed and laterally grow a portion of the completed melted second area 320 wtaich 
is immediately adjacent to the first edge region 3 18. In this manner, the adjacent 
section of the second edge region 328 is seeded by the firsX laterally-grown region 318 

10 to laterally grow grains therefrom. Nevertheless, the seconud edge region 328 is still 
very small (e.g., l|xm) as compared to the second center area 325. The resultant 
crystallized second area 320 is illustrated in Fig. 4D. It is ^Iso within the scope of* the 
present invention for the second axea 320 to he provided at a distance firom the 
crystallized first area 310. In this manner and in case of th.e complete melting of tlie 

15 second area 320, the sections of titxe second edge region 32 8 which is situated closest 
to the crystallized first laterally-grown region 318 can be s ceded by the grains from an 
un-irradiated section between the jQrst area 310 and thesecsond area. 

The first edge area 318 and/or the second edge area 328 are preferably 
sized sucIl that the cross-sectional area thereof is smaller thiat the distance between^ the 
20 TFT device (especially the active regions thereof) which is situated in the first ceirter 
region 315 and the TFT device situated in the second center region 325. 

The translation and irradiation of the first conceptual column 205 oif 
the semiconductor thin film 175 continues until all areas 3 10, 320, 380, 390 (aimd 
their respective center regions 315, 325, 385, 395 and e<ige regions 318, 328, 

25 388, 398) in this first conceptual column 205 is continued xxntil the pulsed beamlefs 
164 reach a second edge 210" of the sample 170, as illustrated in Fig. 4E, The 
crystallization of the areas 3 10, 320, 380, 390 along the first conceptual column 
205 is performed in a substantially repetitive manner, Wh^n the beam pulse 164 
passes the second edge 210", the translation of the sample 170 may be slowed withi 

30 respect to the masked beam pulse 164 (in a third beam pattn 235) to reach a second 
location 240 (see Fig. 2). It should be noted that it is not accessary to shut down thie 
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pulsed beam 111 after the nxasked beam pulse 164 has; crossed the second edge 210" 
of the sample 170 because it is no longer irradiating ttte sample 170. 

While being ^way from the sample 170 and the second edge 210", the 
sainple is translated in a -Y direction to a third location 247 via a fourth beam, path 
5 245 so as to be able to irradiate the sections of the semiconductor thin film 175 along 
the second conceptual column 206. Then, the sample 170 is allowed to settle at that 
location 247 to allow any vi"brations of the sample 170 that may have occiirrecd when 
the sample 170 was translated to the third location 247 to cease. Indeed, for tlie 
sample 170 to reach the second conceptual column 20^, it is translated approxiimately 
10 Vi cm for the columns havin^g a width (in the -Y direction) of V^ cm. The samj^le 170 
is then accelerated to the predetermined velocity via a fourth beam path 250 in the —X 
direction so that the impingement of the semiconductor thin film 175 by the b eam 
pulse 164 reaches, and then l^ypasses the second edge 210". 

Thereafter, tkie sample 170 is translated along a fifth beam patta 255, 

15 and the exemplary process described above with respect to the irradiation of Che first 
colvimn 205 may then be repeated for the second conceptual colimm 206 to inradiate 
further areas 410, 420, and tiheir respective center regions 415, 425 and edge regions 
418, 428 while translating ttae sample in the +X direction. In this maimer, all 
coixceptual columns of the sample 170 can be properly irradiated. Again, when the 

20 beam pulse 164 reaches the first edge 210*, the translation of the sample 170 i s 

decelerated along a sixth besm path 260 to reach a fourth location 265. At that point, 
the sample 170 is translated in the -Y direction along -the seven beam path 27 O for the 
beam pulse to be outside the periphery of the sample L 70 to reach fifth location 272, 
and the translation of the sample 170 is allowed to be stopped so as to remove any 

25 vibrations from the sample 170, Thereafter, the sample 170 is accelerated along the 
eighth beam path 275 in the —X direction so that the beam pulse 164 reaches and 
passes the first edge 210* of the sample 170, and the beam pulse 164 irradiates (e.g., to 
partially or completely melQ certain areas in the third conceptual colunrn 207 so that 
they can crystallize in substantially the same manner as described above for tbte areas 

30 310, 320, 380, 390 of the first conceptual column 205 and the areas 410, 420, ... of 
the second conceptual colurrm 206. 
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This procedure may be repeated fox all conceptual colunms^ of the 
semiconductor thin film 175, for selective coImnrLS of particular sections of the thin 
film 175 which are not necessarily conceptually subdivided into columns. In addition, 
it is possible for the computing arrangement 100 to control the firing of the beam 111 
5 by the beam source llO based on the predefined location stored in the storage device 
of the computing arrangement 100 (e.g., instead of irradiating the semicon-ductor thin 
film 175 by setting predetermined time period between the beam pulses or setting 
pulse durations). For example, the computing arrangement 100 can control the beams 
source 1 10 to generate the beam 111 and irradiate only at the predetermined locations 

10 of certain areas of the thin film 175 with its corresponding beam pulse 164-, such that 
these locations are stored and used by the computLag arrangement 100 to Luitiate the 
firing of the beam 111 which results in the irradiation by the beam pulse ojnly when 
the sample 170 is translated to situate those areas directly in the path of the beam 
pulse 164. The beam source 110 can be fired via the computing arrangement 100 

15 based on the coordinates of the location in the X direction. 

In addition, it is possible to translate the sample 170 in a manner which 
is not necessary continuous, when the path of the irradiation of the beam p-ulse 164 
points to the areas on thie semiconductor thin film 175 to be melted and cxr>/stallized. 
Thus, it is possible for the translation of the sample 170 to be stopped in tlxe middle of 

20 the sample 170, with the area in the middle being irradiated and then crystallized. 
Thereafter, the sample 170 can be translated so that another section of tixe 
semiconductor thin fihn 1 75 is arranged in the patli of the beam pulse 164, such that 
the translation of the sample is then stopped again and the particular sectia:ii is 
irradiated and completely melted in accordance with the exemplary embodiment of 

25 the process described in great detail above, as well as the embodiments of "the process 
which shall be described below. 

According to the present invention, any mask described and shown 
herein and those described and illustrated in U.S. patent appUcation swial no. 
09/390,535, the entire disclosure of which is incorporated herein by referemce, may be 
30 used for the process and system according to the pxesent invention. For ex: ample, 
instead of using the mask shown in Fig. 3 which allows the semiconductor thin film 
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175 to be flood-irradiated, a second exemplary embodiment of the xnask 150' 
illustrated in Fig. 5A can be utilized. la contrast to the mask 150 odfFig. 3 which has 
a single open or transparent region 157, th.e mask 150* has multiple open or 
transparent regions 450 which are separated from one another by beam-blocking 
5 regions 455. The open or transparent regions 450 of the mask 150' can also be 

referred to as "slits." These slits permit smiall beam pulses (or beamJets) to irradiate 
there-through and completely melt the areas of the semiconductor tJiin film 175 that 
they impinge. Axi enlarged illustration of one of the slits 450 is provided in Fig. 5B, 
which shows that the dimensions of the slits 450 can be 0.5 |4m by 0.5 pm. It should 

10 be clearly understood that other dimensions of the slits are possibles, and are within the 
scope of the present invention. For example, the sUts can have a re^ctangular shape, a 
circular shape, a triangular shape, a chevron shape, a diamond-shaped shape, etc. 
According to the present invention, the slits should be sufficiently large so that when 
the pulsed beamlets 164 formed thereby irradiate and crystallize the particular areas of 

15 the semiconductor thin film 175, the center portions (i.e., not the ec3.ge regions) are 
formed so as to situate the TFT devices (ox at least their active regions) therein. It is 
important that the active regions of such situated TFT devices have respective 
distances from one another which are grea.ter that the edge regions of the beamlet- 
irradiated and crystallized areas. 

20 Figs. 6A-6D show an exenxplary progression of a se^cond embodiment 

of the process according to the present in\rention in which a plxirali"ty of successive 
areas along the first conceptual colimm 205 of the semiconductor tliin film 175 is 
irradiated by the masked beam pulse 164 (comprised of beamlets) xvhich is shaped by 
the mask 150' of Fig. 5 A, The translation of the sample 170 with r«spect to the 

25 impingement thereof by the beam pulse 1 64 is substantially the saoae as the 

translation described above with reference to Figs. 4A-4F. The difference between 
ttie irradiation of the areas 310, 320, 3S0, 390, 410, 420 by the beam pulse 164 
shaped by the mask 150 of Fig. 3 and the areas 460, 470 by the beam pulse 164 
shaped by the mask 150' is that substantially the entire areas 310, 5 20, ... , 380, 390, 

30 410, 420 are irradiated and arystalUzed, as opposed to only certain small portions 462 
of the areas 460, 470 are irradiated and crystallized. 
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Similarly to the area 3 10 in Fig. 4A, the portions 462 of the area 460 
are irradiated as illxistrated in Fig. 6A.. Thereafter, the portions 462 are crystallized to 
form the center regions 465, and the edge regions 468 as showm in Fig. 4B. Similarly 
to the first center regions 315, the center regions 465 of the respective portions 462 
5 have grains therein which are different than the grains of the e<ige regions 468, and 
are sized such that at least an active region of the TFT device Cand possible the entire 
TFT device) can be placed away from the edge regions 468. As shown in Fig. 6C, 
upon the translation of the sample 170 in the -X direction, poriions 472 of the area 
470 are irradiated and then crystallized in a substantially the same manner as the 
10 portions 462. Therefore, the center regions 475 and the edge r-egions 478 of the area 
470 are formed. 

In addition, it is possible to utilize a third embo <liment of a mask 150" 
according to the present invention as shown in Fig. 7 which ha.s a long and narrow 
open or transparent region 490 so as to pattern and shape the b earn 149 into the beam 

1 5 pulse 164. For example, the length of the region 490 can be 0. 5 cm and the width 
thereof may be 0.1 mm. In this manrter, each conceptual colurim of the sample 170 
illustrated iix Fig. 2 can be irradiated t>y the beam pulse 164 shaped by this mask 150". 
In addition, it may be possible for the length of the region 490 to be 30 cm. Thus, 
instead of sixbdividing the semiconductor thin film 175 into a number of conceptual 

20 columns, and irradiating each colmnix separately, it is possible to irradiate and 

crystallize selected portions of the semiconductor thin film 175 by translating the 
sample 170 in the -Y direction from one edge of the sample 17^0 to the opposite edge 
thereof. It is important that the center regions be formed using such processing 
technique sttch that it would be possible to keep the active regions of the respective 

25 TFT devices at a distance from the edge regions. 

Fig. 8 A shows an illustration of the first and seoond irradiated and 
crystallized areas 510 and 520 possibly corresponding to the fiarst and second areas 
310, 320 of Figs, 4D and/or the adjacent portions 462 of the area 460 of Fig. 6D. In 
particular, Fig. 8A shows that the entire TFT devices 610 and S20 can be situated 
30 away from ttie edge regions 518, 528, 650, and possibly within, the respective center 
regions 515, 525 of the areas 510, 520- The first TFT device 6 10 situated in the 
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center region 515 of the area 5 1 0 includes a gate 612, a dxain 614, a source 616 and an 
active region 618, all of which are situated away from the edge region 518, Siniilajrly, 
for the second TFT device 610, its gate 622, drain 624, source 626, and especially 
active region 628 are also situated away from the edge re^ons 528, 650 such that they 
5 do not overlap the respective edge region 528 of the area 520, and the edge region 650 
which, is provided between the c^enter regions 515, 525. 

Fig. 8B shows an illustration of the first arid second irradiated and 
crystallized areas 510 and 520 also possibly correspondiiag to the adjacent portions 
462 of the area 460 of Fig. 6D with the respective TFT devices 610, 620* provided 

10 thereon. In this exemplary embodiment, only respective active regions 618', 628' of 
the areas 510, 520 are provided away from the edge regions 518, 528, 650, and are 
provided within the respective uniform center regions 515, 525 of the areas 510, 520, 
while other portions of the TFT devices 610', 620' are situated on the respective ed.ge 
regions 518, 528 of the areas 510, 520, and the edge area, provided there between. In 

15 particular, the jBrst TFT device €10' includes an active region 618' which entirely 

situated in the center region 515 of the area 510, while a gate 612', a drain 614' and a 
source 616' of the TFT device 610' overlap the edge region 518. Similarly, for the? 
secortd TFT device 610', an active region 628' thereof is entirely situated within th^e 
respective center region 525 of the area 520, while a gate 622', a drain 624' and a 

20 source 626 of the second TFT device 620' are provided directly on the respective edge 
regions 528 of the area 520. Also, the gate 622' is provi<3.ed on a border region 50O 
(i.e., the edge region 650 between the areas 510, 520) between the center region 5115 
of the area 510 and the center region 525 of the area 520 • It should be understood that 
any one of the gate 612, 612', 622, 622' drain 614, 614', 624, 624' and source 616, 

25 616', 626, 626' can be provided- on the edge regions 518, 528 and the border region 
500. 

By \xsing this exemplary embodiment of tChe present invention, the ^dge 
region 500 and/or the width of the edge regions 518, 528 associated with such edge 
region 500 can be reduced to 1 fxm, which is approximately 100 to 10,000 smaller -than 
30 the edge regions obtained using the conventional systems and process. Therefore, it 
would be possible to achieve ttxo placement of the entire TFT device 610, 620 in tlie 
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center regions 515, 525 sxich that the distance between which would be greater that 
the edge region 500, as illustrated in Fig. 8A. Similar applies for the placement of the 
TFT devices 610', 620' as shown in Fig. 8B, except tiiat the distance between the 
active regions 618', 628' of the respective TFT devioes 610', 620' would be greater 
5 than the width of the edge region 500. 

Fig. 9 is a flow diagram representing a first exemplary processing 
procedure of the present invention under at least a partial control of a compuiting 
arrangement of Fig. 1 A using the techniques of the present invention of Figs, 4A-4F 
aixd 6A-6D. In step lOOO, the hardware components of the system of Fig. 1 A, such as 

10 the beam source 1 10, the energy beam modulator IZO, and the beam attenua--tor and 
shxitter 130 are first initialized at least in part by the computing arrang©tnent 100, The 
saomple 170 is loaded onto the sample translation sta^e 1800 in step 1005. It: should 
be noted that such loading may be performed either ocnanually or automatically using 
known sample loading apparatus imder the control of the computing arrangement 100. 

15 Next, the sample translation stage 180 is moved, preferably under the control of the 
computing arrangement 100, to an initial position in. step 1010, Various other optical 
components of the system are adjusted and/or aligned either manually or under the 
control of the computing arrangement 100 for a proper focus and alignment in step 
1015, if necessary. In step 1020, the irradiation/laser beam 1 11 is stabilized, at a 

20 predetermined pulse energy level, pulse duration and repetition rate. Instei> 1024, it 
is preferably determined "whether each beam pulse hias sufficient energy to iirradiate 
the portions of the semiconductor thin film so as to crystallize such portions 
tlxereafter. If that is not the case, the attenuation of the beam 1 1 1 is adjusted by the 
beams source 1 10 under the control of the computin.g arrangement 100 in step 1025, 

25 atxd step 1024 is executed again to determine if the tGiere is sufficient energy to 
crystallize the portions of the semiconductor thin fibm. 

In step 1027, the sample is positioned to point the beam pulse 164 to 
impinge the first colunm of the semiconductor thin £lm. Then, in step 103O, the 
portions of the semicondxictor thin fihn are irradiate<l using a masked intensity pattern 
30 (e?-g., the masked beam piilse 164). Thereafl:er, the ixradiated portions of the 

semiconductor thin fihn are crystallized with the nitnimized edge regions therein so as 
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to allow at least the active regions of the TFT devices to be placed away jBrom such 
edge regions. In step 1035, it is determined whether the irradiation, for the current 
column by the beam pulse has been completed. If no, in step 1040,, the sample is 
continued to be irradiated with the next beam pulse 164. However, if in step 1035, it 
5 is determined tlxat the irradiation and crystallization of the current oolmnn is 

completed, then it is determined in step 1O40 whether there are my further columns of 
the sample to be processed If so, the process continues to step 1050 in which the 
sample is translated to that the beam pulse is pointed to the next colimm to be 
processed according to the present invention. Otherwise, in step 1055, the exemplary 
1 0 processing has been completed for the sample 170, and the hardware components and 
the beam 111 of the system shown in Fig. 1 A can be shut off, along with the process 
terminating. 

Kig. 10 is a flow diagram representing a second exemplary processing 
procedure of the present invention imder at least a partial control of a computing 

'I 

1 5 arrangement of Fig. 1 A using the techniqixes of the present invention of Figs. 4A-4F 
and 6A-6D, in which is preferable to mask: the beam 111. Steps 1 1 OO-l 120 of tiiis 
exemplary procedure are substantially the same as the steps 1000-1 020 of the 
procedure of Fig, 9 and thus shall not be described herein in fiirther detail. In step 
1024, however, it is determined whether each pulse has enough ene^rgy to irradiate at 

20 least portions of the semiconductor thin film 175 such that the inadiated portion 

crystallize. If not, in step 1 125, the attenuation for the beam pulse is adjusted, and the 
energy fluence is verified again. Upon the verification of the energ^^ fluence of the 
beam pulse, the sample is moved to impinge a first column of the sample 170, 

Then, in step 1130, the resultant beam 149 is passed through a mask 
25 1 59 to shape the beam pulse, and shape the edge portions of the resultant pulse. Then, 
the sample 170 is continuously translated along the current column in step 1 135, In 
step 1 140, during the translation of the sample 170, the portions of the semiconductor 
thin film are irradiated and at least partially melted using a masked mtensity pattern 
beam pulse to allow the irradiated portions to crystallize. This irradiation of these 
30 portion of the semiconductor thin fihn 175 can be performed when "the beam pulses 
reach particular locations on the sample, which are pre-assigned by the computing 
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arrangement 100. Thus, the beam source can be fired upon the sample reaching these 
locations with respect to the beam pxilses. Thereafter, the irradiated portions of the 
semiconduotor thin fihn are allowed to crystallize such that tihe certain areas of the 
solidified portions have been nucleated and include uniform material therein so as to 
5 allow the distance between at least tlie active regions of the TFT devices to be greater 
that the edge regions of such irradiat:ed areas. Such processimg is continued until the 
end of the ourrent colimm on the semiconductor thin fihn 17 5 is reached. In step 
1 145, it is determined whether there are any fiuther columns^ of the sample to be 
processed. If so, the process continues to step 11 50 in whicfci the sample is translated 
10 to that the beam pulse is pointed to the next colimm to be processed according to the 
present invention. Otherwise, in step 1 155 is performed, which is substantially the 
same as that of step 1055 of Fig. 9. 

The foregoing merely illustrates the principle s of the invention. 
Various modifications and alterations to the described embo<iiments will be apparent 

15 to those skilled in the art in view of the teachings herein. For example, while the 

above embodiment has been described with respect to irradiation and crystallization . 
of the semiconductor thin film, it may apply to other materials processing techniques, 
such as mioro-machining, photo-ablation, and micro-patterning techniques, including 
those described in Intemational patent application no. PCTAUSOl/12799 and U.S. 

20 patent application serial nos. 09/390,535, 09/390,537 and 0^/526,585, the entire 

disclosures of which are incorporated herein by reference. The various mask patterns 
and intensity beam patterns described in the above-referenced patent application can 
also be utilized with the process and system of the present invention. It will thus be 
appreciated that those skilled in the art will be able to devise nimierous systems and 

25 methods wliich, although not explicitly shown or described berein, embody the 
principles of the invention and are tlaus within the spirit and scope of the present 
invention. 



